As a consequence of globalization, increased international transport generates many pollutants. Pollution generation from other industries related to international transport also cannot be ignored. This paper thus aims to investigate the carbon emissions from international transport. We analyzed embodied carbon emissions of international transport using multi-region input output analysis, and identified the factors underlying changes in emissions using structural decomposition analysis. China was the world's largest CO 2 -emitting country in international transport in terms of both production-and consumption-based standards. However, consumption-based emissions in that country were much lower than production-based emissions, while in the United States, with second largest emissions, the situation was the opposite. Major emission changes were contingent on demands for international transportation and emission efficiency. In the case of the European Union (EU), consumption-based emissions were higher, but CO 2 emissions decreased gradually due to increased emission efficiency. The different information is provided by each standard, and reduction targets can change according to the standards employed. While discussions on emissions standards are still in progress, the results of this study suggest that CO 2 emissions from international transport, and according to different emissions standards, should receive careful attention in energy policy design, in order to limit CO 2 emissions globally.
Introduction
We are experiencing significant impacts of climate change, and attempts to address this problem are being made all over the world. The Paris agreement is part of this effort; it concluded in 2015 and calls for efforts to address climate change in 194 countries around the world. The agreement deals with the long-term goals of all parties, financial flows, technological problems, and supporting actions to start in the year 2020 [1] . Among the six kinds of greenhouse gases (GHG), CO 2 contributes the largest portion to the greenhouse effect, at about 56% [2] ; one of the main goals in the agreement is the global reduction of CO 2 emissions. Many parties to the Convention on Climate Change have formed action plans to set their own reduction targets and reduce CO 2 emissions. Prior to these efforts, accurate measurement of emissions is the starting point for proper policy implementation. Despite these facts, however, there has been a lack of discussion on the carbon emissions from international transport.
As a consequence of globalization, international trade has significantly increased over the past decade. As international trade has grown, international transportation service volumes have also increased sharply. The values of mercantile trade and trade in commercial services in 2015 were CO 2 emission growth in Beijing was driven mainly by production structure changes and population growth. The emission was partly offset by the decline of CO 2 emission intensity and per capita final demand. A number of studies on energy consumption and pollution generation in China have been conducted [17] [18] [19] [20] [21] . For the United States, Rose and Chen [22] analyzed the changes in CO 2 emissions over the 1972-1982 timeframe. They revealed that economic growth, KLEM (Capital, Labor, Energy, and Material) substitution, and the joint effects of technological change were the major sources of upward pressure on energy use, while energy conservation and a technological change in materials were the sources of energy use decrease. Weber [23] analyzed changes of energy usage and flows in the United States between 1997 and 2002 using SDA. They found that population growth and household consumption acted to drive up energy demand, but this driving force was offset by a structural change within the economy. Feng et al. [24] analyzed the factors affecting U.S. emissions from 1997-2013. The results showed that the changes of emissions were primarily driven by economic growth and fuel mix. For Singapore, Su et al. [25] investigated the key driving factors of emission changes during the period 2000-2010. Cansino et al. [26] deconstructed the changes in CO 2 emissions at the sectoral level in Spain for the period 1995-2009. Based on the results, they suggested policies against climate change. Chang et al. [27] examined the changes in CO 2 emissions in Taiwan from [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . For multiple regions, Xu and Dietzenbacher [28] studied the driving forces behind the growth of carbon emissions embodied in trade in 40 countries during 1995-2007. Wang et al. [29] studied changes in CO 2 emission intensities for three major economies-China, India, and the United States-from 2000-2009. In addition, various attempts have been made to reduce CO 2 emissions [30, 31] . However, there is not much research focusing on emissions from international transport.
The purpose of this paper is to analyze CO 2 emissions from international transport, and to identify the factors underlying changes in emissions that are linked to international transport. In particular, we focus on emissions from the international transport of manufactured goods in global supply chains. Three different countries, as exporter, importer, and transporter, will be involved in CO 2 emissions from international transport, creating a difficult problem in assigning the proper responsibilities. In order to analyze them, we constructed a multi-regional input-output (MRIO) model, incorporating national input-output tables and data on trades. For MRIO, both the international trade structure and the country's production structure should be considered [32] . From the GTAP (Global Trade Analysis Project) database, a regional input-output table for MRIO analysis can be constructed. The GTAP database was originally based on the computable general equilibrium model, but we used it because it contains data that can be used to obtain MRIO. The above analysis method can be used to measure direct emissions of environmental pollutants and indirect emissions from intermediate materials. In order to investigate the factors of change, we used structural decomposition analysis based on input-output analysis. The contribution of this study is to analyze the CO 2 emissions from international transport services, attributed in each case to the three countries involved in terms of production standards and consumption standards, and to analyze the causes of the changes in emissions. There are a number of studies on emissions arising from trade engaged in by existing minor national economies, but this study covers more regions around the world with regard to CO 2 capture. The methods and results of these analyses are expected to affect future worldwide climate policy and international negotiations.
The rest of the paper is organized as follows. The methodology used in this study is described in Section 2. Section 3 presents the data and framework. Section 4 presents the results of calculating international transport emissions from production-and consumption-based models. In Section 5, the paper concludes with reflections on the contributions, discussions, and possible extensions of this work.
Methodology

Multi Regional Input-Output Analysis
An input-output matrix that expresses the global economy as a single input-output matrix is called an MRIO matrix. The coefficient matrix can be obtained by dividing the intermediate by the total output [33] . This form of MRIO is as follows:
where international transport is represented in the final demand. If we divide the total CO 2 emissions of industry i by the total output of industry i, we obtain the unit of CO 2 emissions for industry i.
where f i is the CO 2 intensity of industry i's row vector. The first goal of this study is to measure CO 2 emissions from international transport, using production-and consumption-based measures.
International transport services, such as international air, sea, and inter-country road transport, involve three countries in one service: the exporting, importing, and service-supporting countries of goods subject to international carriage. For the purpose of estimating the emissions incurred related to the export and import of goods, the exports of international transport services were allocated to those countries exporting products using these services, as well as the countries importing them. Based on production standards, CO 2 emissions from international transportation are CO 2 emissions caused by countries that export products using international transportation services. When calculating using consumption standards, the assessment is that the importing country using international transportation services emits CO 2 . The production-based CO 2 emissions of a given country can be obtained using the MRIO method, by summing the CO 2 emissions from the domestic production of final goods consumed in country r and the CO 2 emissions from producing the final goods exported from country r to other countries.
Consumption-based CO 2 emissions can be calculated as the sum of CO 2 emissions from domestic production of final goods consumed in the country and CO 2 emissions from final products imported from countries other than country r to country r.
. . .
Structural Decomposition Analysis
The index decomposition analysis (IDA) and the structural decomposition analysis (SDA) methodologies are representative methods for analyzing change factors over time. IDA is based on index theory, whereas SDA is based on the theory of input-output analysis. Therefore, these two methods have developed independently [34] . According to Kim and Heo [35] , SDA is a suitable way to identify the effects of structural changes in industries. In this study, the average SDA-which allows us to analyze driving factors in detail and include indirect effects-was employed. Leontief [36] initially proposed structural decomposition analysis, while Chenery et al. [37] first applied decomposition analysis based on economic theory. Rose and Chen [38] then attempted to extend the existing decomposition analyses by adding capital, labor, energy, and materials. In this study, by applying mid-point weights to the decomposition, we decomposed CO 2 emission change into three basic effects: intensity effect, Leontief effect, and final demand effect.
A country's CO 2 emissions TE are equal to the product of sector-specific emission intensity B, production induction coefficient G, and final demand Y. The CO 2 emissions from international transport between a base year (0) and a comparative year (1) can be expressed as follows:
where Equation (8) is the intensity effect, Equation (9) is the Leontief effect, and Equation (10) is the final demand effect. The above equations can be decomposed further; the energy intensity can be decomposed as follows:
Emissions intensity is divided into components Equations (12) and (13), where Equation (12) shows the effect of improving the emission intensity and Equation (13) shows the effect of changing the energy consumption structure. On the other hand, the impact of the change in final demand on the increase in carbon emissions can be expressed as follows:
The final demand change effect is divided into Equation (16) final demand growth effect and Equation (17) final demand structure change effect.
The first term on the right-hand side of the above equation represents changes in direct CO 2 emission intensities. The second term represents changes in the composition of energy sources. The third term represents changes in the production inducement coefficient, while the fourth term shows changes in final demand. The last term represents changes in final demand structure. Table 1 shows the driving factors and their meanings. All terms consider both direct and indirect influences on the CO 2 emissions in international transport. 
Data and Framework
The GTAP is a global network program, initiated in 1993 to provide the economic research community with a global economic dataset for use in the quantitative analyses of global economic issues. In order to construct an MRIO model, both the international trade structure and the country's production structure should be considered [34] . The GTAP dataset includes input-output tables for each country and a full set of international trade flows, with associated transport costs, export taxes, and tariffs. The most recently released GTAP version 9.0 was announced in 2014. In the GTAP 9.0, 2004, 2007, and 2011 data are provided as the reference years, and we used these. The GTAP database provide three types of price data: agent's price, market price, and world price. There is no price corresponding to the generally recommended basic price, and it is taken as the nearest market price.
We used the database first as the basis for the MRIO assessment of the direct and indirect carbon contents of goods produced in different countries. GTAP also provides data on CO 2 emissions from energy combustion. CO 2 emission data and total output from each region were obtained from the database and applied to analysis of CO 2 intensity. We then estimated the MRIO-based carbon emissions to evaluate the economic consequences of international trade. GTAP version 9.0 includes trade statistics for 140 countries and regions and 57 industries, as well as international trade data between countries. Input-output tables for each region were obtained from GTAP for the years 2004, 2007, and 2011 . In order to analyze the change factors of the emissions using the SDA described above, the total period was divided into two sub-periods: 2004-2007 and 2007-2011 .
In order to measure carbon emissions from international transport, regions and industries were reclassified for analytical purposes. The major countries related to China, which has the highest trade volume in the world, are categorized first, and the remaining countries are classified by continent. In the industrial classification, industries with similar tendencies were reclassified. Appendixs A and B show the 14 regions and 28 sectors that were reclassified. Production standards conform to producer responsibility, and consumption standards conform to consumer responsibility. Therefore, the production standard is based on the exporting country, and the consumption standard is based on the importing country.
Results
Carbon Emissions from International Transport
First, looking at the exports of international transport services in the regions classified, the European Union (EU) provides the most international transportation services during the analysis period ( Table 2 ). The EU accounts for more than 40% of transportation services, while Japan accounts for 9-10%, and Korea 7%. In other words, the EU emits the most pollutants as a transporter that carries goods directly. China's share seems to be gradually increasing, from about 4% in 2004 to about 7% in 2007 and 2011. The total exports of international transportation services increased significantly between 2004 and 2007. Although the EU provides the most international transport services, this study has allocated emissions to the regions directly exporting and importing products using international transport services, since the purpose of this study is to estimate the emissions associated with the import and export of products. Based on the above model, we analyzed the carbon emissions embodied in international transport, in both production-and consumption-based terms. The total CO 2 emissions for each region in 2004, 2007, and 2011 were estimated, and are presented as follows. In Table 3 , production-based CO 2 emissions were estimated according to Equation (3), and consumption-based CO 2 emissions were calculated in Table 4 from Equation (5). With regards to production-based CO 2 emissions, China produced the most, at 87 million tons (mt) in 2004. China accounts for about 38% of total emissions. The next regions that appeared to emit considerable amounts of CO 2 are the rest of Asia (about 33 mt), the United States (15 mt), the EU (14 mt), and the Middle East (14 mt), apart from the rest of the world at 29 mt. In 2004, total CO 2 emissions from international transport were 231 mt. In 2007, China also had the largest CO 2 emissions, up about 11 mt from the previous year to 98 mt. The rest of Asia and the United States produced 32 mt and 17 mt, respectively, while Latin America and North America produced 17 mt and 13 mt, respectively, with a significant increase in emissions from the previous year. On the other hand, the Middle East and EU regions decreased by about 12 mt compared with the previous year. As a single country, the United States has the second highest emissions after China. Total emissions increased by 19 mt compared with the previous year, to about 250 mt of CO 2 . In 2011, total CO 2 emissions increased by a relatively small amount to 255 mt. China's emissions were still high, but decreased by about 4 mt compared with the previous year, reaching 93 mt. In addition, emissions from the rest of Asia, the United States, the Middle East, and North America increased, but Latin America decreased their emissions. The EU's emissions also declined, suggesting that overall emissions are declining during the analysis period. Looking at the trends in total emissions, these increased by about 19 When we look at the major emitting regions according to production-and consumption-based standards, we should focus on China and the United States, which are the first-and second-highest CO 2 -emitting countries. China has less consumption-based emissions than production-based, and the United States has more consumption-based than production-based emissions. This is because in China, the use of international transportation to produce and export goods is greater than the use to make imports, whereas in the United States the situation is the opposite. China is a region with a high level of exports, while the United States and the rest of Asia are considered as regions with high imports.
The results of this study show that production and consumption standards provide different emissions levels for each country from international transportation. In the case of China, both production standards and consumption standards showed the highest CO 2 emissions. China accounts for the greatest portion of international trade volumes. Since joining the World Trade Organization (WTO), China has increased its average annual export growth by more than 20% by 2012, becoming the world's largest exporter [39] . The United States has the second largest amount of emissions. The United States, which has relatively high import demand for international transportation, has more consumption-based emissions. In case of the EU, consumption-based emissions were estimated as being greater than production-based emissions. Other regions also differ in production-and consumption-based emissions, because the demand for international transportation varies from region to region. This means that the emissions responsibility for the reduction target can vary according to emissions standards. This results in the question of whether emissions responsibility is on the consumer or the producer, which is supported by the argument that many researchers should consider consumption standards in current production standards. There are clear problems with the existing approaches that have measured emissions worldwide using territory-based (production-based) criteria; this aspect should be fully discussed in the future, in view of the claim that emissions should also be measured on the basis of consumption.
Structural Decomposition Analysis Results
The SDA results are shown in Tables 5 and 6 . EEFI, ESTR, Leontief, FD, and FDSTR represent the effect of change on emission efficiency, direct energy substitution effect, Leontief effects, final demand growth effect, and final demand structure change effect, respectively. First, we analyzed the factors of change in production-based emissions of major emitters. In case of China, during 2004-2007, CO 2 emissions increased by about 11 mt. The growth in total demand of international transport services played the largest role in the increase of CO 2 emissions, accounting for about 49%. The changes in emission efficiency followed behind, accounting for about 43% of the change in emissions. However, the two effects act in opposite directions and offset each other. The final demand structure, emission structure, and Leontief effects were 4%, 3%, and 1%, respectively, and had a relatively small impact. From 2007-2011, CO 2 emissions decreased by approximately 4 mt. The increased total volume of international transport services was still the largest factor behind the change of CO 2 emissions, accounting for about 47%. The second-and third-largest effects were emission efficiency and Leontief effect, which accounted for about 34% and 17%, respectively.
The largest change in emissions was due to international transportation services increasing emissions, but this was offset by the emission efficiency and the Leontief effect, resulting in a decrease in total emissions. In the case of the rest of Asia, which emits the second most CO 2 , the emissions are high, but the total emission change is insignificant at 33 mt during the analysis period. Increases in international transport have increased emissions, but this has been offset by increased emissions efficiency and other effects that have reduced total emissions. The energy efficiency and emissions structure, which are the second-and third-largest contributors, decreased the total CO 2 emissions. In the case of North America, except the United States, CO 2 emissions increased by about 7 mt from 2004 to 2007, mainly due to the increase in international transportation demand, while emissions between 2007 and 2011 increased by only about 1 mt, due to the increase in emission efficiency. The emissions of the Middle East decreased slightly and then slightly increased during the analysis periods. The increase in final demand led to an increase in emissions, but the overall level remained similar due to increased emission efficiency. The EU and Africa are regions where emissions are decreasing gradually. A major factor in the reduction of emissions is increased emissions efficiency. The final demand for international transportation services has increased, but energy efficiency has increased more and so the total emissions have decreased. of which is due to the impact of international transportation growth. In other areas, the amount of emissions or the change in emissions is relatively small. Overall, international transportation demand growth and emission efficiency factors have had the greatest impact on emissions change. The EU is the only region where emissions are declining between major emitters. Increased emission efficiency has had a major impact on emission reduction. In the case of other major five emitters besides the EU, emissions have increased due to the increase in international transport demand, rather than the increase in emission efficiency.
Discussions and Conclusions
Globalization and the international division of labor have not only increased international trade, but have also significantly increased emissions of pollutants from international transport. Emissions from international transport are considerable, and are expected to increase substantially in the future. Despite this fact, it has been excluded from international discussion. Consideration of emissions from international transport is essential for achieving global emission reduction targets through accurate statistics. In this study, emissions from international transportation were examined by production and consumption standards. China has the highest CO 2 emissions in both production-based and consumption-based standards, because China is the world's largest exporter and accounts for the greatest share of world international trade volumes. The rest of Asia and the United States, which have the next highest emissions next to China, are also made up of regions with high trade volume. Their emissions have changed mainly due to the increase in international transport. The increase in international transportation services is a major cause of carbon emissions change. In China, the demand for international transportation services accounted for about 49% and 47% in the two studied periods, respectively, resulting in a significant increase in production-based emissions. In the United States and the rest of Asia, the increase in demand for international transportation services also had the greatest impact, and led to an increase in emissions. The decomposition analysis of consumption-based emissions showed similar results. On the other hand, in the EU, the amount of CO 2 emissions from international transportation has gradually decreased. Improved emission efficiency has had a major impact on emissions reduction. The EU appears to have reduced emissions intensity due to its strong eco-friendly policies, resulting in a decrease in total emissions. Global agreements can reduce global emissions through environmental pressures that reduce carbon dioxide emissions by industry.
However, emissions from production standards and consumption standards were different. China's production-based emissions are bigger than its consumption-based emissions. On the other hand, in the United States, consumption-based emissions are larger than production-based emissions. Therefore, the United States is charged more responsibility for consumption-based emissions, which impose greater responsibilities on consumer standards, while China is the opposite. These results depend on the difference between import demand and export demand of international transportation services. As a result, the production and consumption standards provide different perspective on emissions.
Currently, production-based emissions are internationally accepted and used by the United Nations Framework Convention on Climate Change (UNFCCC). However, many scholars have argued that consumption-based emissions should also be considered, because production-based emissions estimates do not include international transport and are likely to overlook carbon leakage. Although consumption-based estimates mitigate these shortcomings, wide system boundaries and increased uncertainties in the data make it difficult to use as a unique indicator in climate policy [35] . There is still controversy about emissions measurement standards; this study has confirmed that the allocated emission amounts vary according to the standards used. As a result, changes in emissions from current production-based emissions to consumption-based emissions could change the emissions liability of intermediate-export-based and final-consumption-oriented countries. These results illustrate why carbon emissions should be distributed to both consumers and producers. Therefore, this perspective should be considered clearly in setting future emission standards.
The results of this paper do not show clear evidence that industrialized countries in the developed world are moving carbon intensive industries to developing countries. Clearly, emissions from developing countries are increasing, and emissions from industrialized countries are declining. Ensuring sustainable development and responding to climate change means that the role of developed countries in reducing emissions and the efforts of developing countries in the creation and diffusion of innovative technologies are both necessary. The benefits of assessing consumption-based emissions are also evident, in terms of carbon leakage and environmental considerations. The consumption base cannot be the only alternative to the production base, and using it also creates many issues. Problems caused by the assumptions of the linear proportions of the MRIO mentioned in previous studies, as well as the lack of international transportation data, are problems to be solved for more accurate measurement of emissions. Consumption-based emissions help differentiate promises, prioritize mitigation policies, and harmonize trade and climate policies. It is clear that this measure gives insight into climate policy. Therefore, discussions about which emissions standards are appropriate or how to harmonize the consumption and production standards for carbon emissions should be adequately discussed. The results of this study suggest that the CO 2 emissions from international transport should receive careful attention in the design of energy policies to limit CO 2 emissions globally. 
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